ABSTRACT Introduction: Deoxyribonucleic acid (DNA) extraction is a fundamental step in any forensic analysis procedure. Selecting an extraction method to yield DNA is suitable in quality and quantity is, also, crucial. Aim: The objective of this study is to evaluate the adequateness of two DNA extraction methods regarding the DNA quality & quantity, and the time & money costs. Materials & Methods: The first method is the organic phenol extraction method, while the second is the automated magnetic beads extraction technology. The DNA quality and quantity were assessed by the NanoDrop ND-1000 spectrophotometer. Results: Organic phenol extraction, significantly, yielded more DNA in quantity than the magnetic beads methods. However, non-significant difference was detected in the quality of the DNA yielded from the two methods as measured by NanoDrop ND-1000 spectrophotometer. Organic phenol extraction consumed far more time but much less money than the magnetic beads method. Conclusion: Accordingly, magnetic beads technology is more efficient DNA extraction method than organic phenol extraction in saving time, effort and lab safety. On the other hand, organic phenol extraction is more economic and efficient in the quantity of the DNA yielded. However, both methods yielded the same quality of the extracted DNA. Automation saves much time than manual techniques.
INTRODUCTION
orensic Evidence containing DNA is instrumental in helping to identify and convict/exonerate a certain suspect (1). Choosing the right techniques is crucial to having optimal results in the forensic analysis of trace DNA evidence (2). Different protocols for DNA extraction have been used extensively, but the choice of the applied method is a result of the balance among three major principles that can be in conflict with one other i.e. The combination of (1) the highest endogenous DNA yield with (2) the lowest co-purification of other chemical components at (3) the most time and cost efficient way. From a forensic laboratoro management perspective, the ultimate protocol should be able to show the optimal balance among these three principles to handle a large number of samples in a short time (3). Deoxyribonucleic acid extraction protocols depend on the use of chemicals such as phenol-chloroform, sodium hydroxide (NaOH), or already prepared kits and a manual describing step-by-step instruction for extracting DNA. Due to practical and methodological reasons, however, it is important to compare the yield and purity of DNA obtained by different methods (4). Organic DNA extraction, sometimes referred to as phenol-chloroform extraction, has been in use for the longest period of time, and may be used for situations where either restriction fragment length polymorphism (RFLP) or polymerase chain reaction (PCR) typing is performed. High-molecular-weight DNA, which was essential for early RFLP methods, F may be obtained most effectively with organic extraction (5). For "Magnetic Beads Methods', according to Wenlong et al. (6) , the principle is the destruction of cells by using a protein denaturation agent, hence, the free release of DNA. Then comes the role of magnetic beads that specifically adsorb nucleic acid. A high purified and concentrated of DNA is obtained and used for PCR template, genetic engineering, gene chip technology. Phenol-chloroform extraction proved to be a well-established forensic extraction procedure and the method of choice for samples containing only very little amounts of DNA, but it is known to be laborious with the involvement of toxic reagents, such as phenol. Accordingly, this study aims to compare the efficiency of phenol-chloroform extraction method with the automated magnetic beads method regarding the cost, time and DNA concentration.
SUBJECTS AND METHODS

Subjects
The population samples have been collected from 45 unrelated volunteers from both sexes (18 males and 27 females), age ranged from 20-40 years. Buccal swab samples were processed in the Central Laboratory, Faculty of Medicine, Zagazig University, Egypt.
The study was approved by the Local Ethics Committee in the Faculty of Medicine, Zagazig University, Egypt, and an informed consent was taken from the volunteers after explaining the method for sample collection and aim of the study. Methods 1-Sample Collection and Processing: Buccal swabs are the least invasive way for collecting DNA from human, and also have the added benefit of minimizing the exposure to blood-borne pathogens. The volunteers recruited were asked to rinse their mouth with tap water, 30 seconds before sampling of buccal swabs, to avoid the contamination as a result of food particles. For each individual, both sides of buccal mucosa were wiped with a cotton swab for 15 seconds. Two buccal swap samples were donated from each volunteer. Samples were collected in 500 ul 10 M Tris-hydrochloric acid (Tris-HCl), 10 mM ethylene diamine tetra acetate (EDTA), 2% sodium dodecyl sulfate (SDS), containing 1.5-ml microcentrifuge tubes (7). Then, extraction of DNA from cotton swabs was performed.
2-
Organic DNA-Extraction Method: Phenol-chloroform extraction method involves the sequential addition of several chemicals. In general, this method involves disruption and lysis of the stain material, digestion of cell components and removal of contaminants by organic solvents. The DNA is finally recovered by alcohol and salt precipitation and subsequent rehydration. The detailed procedure is referred to the study of Sambrook et al. (8) . Figure-1 summarizes the steps for organic phenol extraction from buccal swab cells (9).
3-Magnetic Beads Method:
This purification method depends on binding of DNA to silica-coated magnetic beads in the presence of chaotropic salts such as guanidine hydrochloride, sodium iodide and sodium perchlorate. The beads were separated from the lysate using a magnet. The DNA was then washed and eluted in Tris-EDTA buffer (10 mM Tris-HCl, 1 mM EDTA pH 8). The detailed procedure is referred to the study of Montpetit et al. (10) . This method is done using the automated BioRobot EZ1® Technology, Egypt, according to the manufacturer handbook. Figure- 
4-Quality and Quantity of the Extracted DNA:
Deoxyribonucleic acid quantity and quality were assessed by NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies Inc., Wilmington, Delaware, USA). Absorbance was measured at wavelengths of 260 and 280 (A 260 and A 280 , respectively) nm. The absorbance quotient (OD260/OD280) provides an estimate of DNA purity. An absorbance quotient value of 1.8 < ratio (R) < 2.0 was considered to be good, purified DNA. A ratio of <1. Deoxyribonucleic acid yield was measured in mg/ml. Data were analyzed using SPSS version 19. Student T test was applied to measure the significant differences between the DNA yield from the two used extraction methods. Differences were considered significant when p<0.05.
RESULTS
-
Demographic Characters for the volunteers: The age and sex of the 45 volunteers are presented in the following table. The DNA concentration in mg/ml for the 45 volunteers by both the organic extraction method and magnetic beads extraction method are presented in table-2. The mean value of DNA yield using the organic extraction method was 31.40 + 3.25 mg/ml, which showed significant increase (p<0.05) compared to the mean value of DNA yield using the magnetic beads method was 16.06 + 3.49 mg/ml (Table-3, Figure-3 ).
-Quality of the Extracted DNA:
According to spectrophotometer 260/280 nm absorbance ratio, DNA extracted from both extraction methods showed an absorbance ratio above 1.8 and below 2, which is considered to be pure and high quality DNA. Non-significant difference (p>0.05) was detected in the absorbance between the organic and magnetic beads extraction methods.
-Time and Money Cost:
Table-4 presents money cost in Egyptian pound (LE) per sample and the time spent in processing the samples for each used extraction method. Figure-3 : The mean DNA yield in mg/ml manual organic extraction and automated magnetic beads extraction methods DISCUSSION The present study offers a comparison between two DNA extraction methods regarding DNA quantity & quality, time consumption and money cost. Sampling was applied through buccal swaps. The successful use of buccal cells as a DNA source has been reported for many studies for several reasons, including: 1) easy and noninvasive method for obtaining samples; 2) only simple implements, such as cytologic brush, required, and 3) reliable test results for screening (12), (13) and (4).
Regarding the DNA quality and quantity, it's still controversial, which extraction method and whether manual or automated technique, would provide more DNA suitable in quantity and quality for further fingerprinting procedures. In the present study, the mean DNA concentration from manual organic phenol extraction showed a significant increase compared to the mean DNA concentration from automated magnetic beads technology, with nonsignificant difference in the DNA quality between the 2 extraction methods. Several studies have showed that organic extraction method (Phenol/Chloroform) yielded more DNA concentration compared other techniques/kits, as PrepFiler® DNA extraction kit and QIAamp® DNA investigator kit (14) and iPrep Forensic Kit (2). reported, by comparing eleven DNA extraction methods, that measurements revealed that the magnetic beads based protocol extracted the most concentrated DNA, followed by the phenolchloroform protocols. For the DNA quality the same authors reported that magnetic beads based protocol was more efficient the organic phenol extraction, for extracting high quality and quantity DNA suitable for large-scale microarray genotyping and also for long-term DNA storage. This difference can be attributed to their use of blood samples in their study instead of buccal swabs as in the current study. Regarding automating the extraction techniques, Riemann et al., (20) and Kalmar et al. (21) proved in their studied that manual DNA extraction techniques were found to be superior in terms of extracted DNA quantity and quality than automated ones. The first study used whole blood, while the second study used biopsy tissues and formalin-fixed, paraffin-embedded. Handling time and cost interfere in selecting the most suitable DNA extraction method (22). Regarding saving time, effort and money consumption, automated magnetic beads technology showed more efficiency in DNA extraction than organic phenol extraction, while organic phenol extraction was more economic regarding money cost. These findings were the same as the study of Psifidi et al. (19) who reported that the most time-consuming was the phenol-chloroform protocol, while the magnetic beads developed protocol had intermediate time requirements, also, phenol-chloroform protocol was the cheapest, most technically difficult to perform and required the use of highly toxic phenol. CONCLUSION Forensic labs have the responsibility to select the most appropriate DNA extraction method regarding DNA quality & quantity, time and money consumption, and the effort required. According to the current study, the manual organic DNA extraction method proved to be economical and an efficient method regarding quality & quantity of the extracted DNA, but its time consuming and laborious. On the other hand, automated magnetic beads technique extracted the same DNA quality but less in quantity and costed much money. In the same time, it proved to be more efficient regarding time and effort.
DNA extraction in forensic practices needs the best available and affordable technique that is capable to yield the most adequate DNA quality & quantity. Organic phenol extraction method fulfils the most important selection criteria; accordingly, it's recommended to carry out more research to overcome the laborious steps and time waste. Besides, more accurate implementation for lab safety measures to avoid the hazards from dealing with phenol and other chemicals.
